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+LJKSUHVVXUHWHPSHUDWXUHPHPEUDQHFRQWDFWRUVIRU&2FDSWXUHSURFHVVHV
$9RONRY99DVLOHYVN\$/\VHQNR$5XQVWUDDW60DWVRQ9.KRWLPVNL\HWDO
$97RSFKLHY,QVWLWXWHRI3HWURFKHPLFDO6\QWKHVLV5XVVLD7127KH1HWKHUODQGV
,Q WKH ODVW GHFDGHV JDVOLTXLG PHPEUDQH FRQWDFWRU V\VWHPV KDYH EHHQ VWXGLHG
H[WHQVLYHO\DVDQ DOWHUQDWLYHZD\RI FRQWDFWLQJJDV DQG OLTXLGHVSHFLDOO\ IRU UHPRYDORI DFLG
JDVHV OLNH&2 XVLQJ DTXHRXVDPLQH VROXWLRQ 7KHPDLQ DGYDQWDJHRIPHPEUDQH FRQWDFWRUV
RYHU FRQYHQWLRQDOSDFNHGFROXPQV LV WKDW WKHQRQZHWWHGPHPEUDQHFDQEHFRQVLGHUHGDVD
ZHOOGHILQHG JDVOLTXLG LQWHUIDFLDO DUHD DQG RIIHU LQGHSHQGHQW RSHUDWLRQ RI JDV DQG OLTXLG
VWUHDPV ZKLOH RYHUDOO VHOHFWLYLW\ LV VWLOO GHWHUPLQHG E\ JUHDWHU DEVRUSWLRQ RI &2 RYHU + RU
K\GURFDUERQV$SSOLFDWLRQVRIPHPEUDQHFRQWDFWRUVKDYHEHHQH[WHQVLYHO\VWXGLHGDQGWKHORZ
FRVWSRURXVPHPEUDQHV3337)(HWFKDYHEHHQ WKHSULPH IRFXV IRUSRVWFRPEXVWLRQDQG
ELRJDVWUHDWPHQW+RZHYHULWZDVDOUHDG\VKRZQWKDWPHPEUDQHVZLWKDGHQVHVHOHFWLYHOD\HU
FRXOG KDYH FHUWDLQ DGYDQWDJHV RYHU SRURXV RQHV IRU RSHUDWLRQ DW VHYHUH FRQGLWLRQV
WHPSHUDWXUHSUHVVXUHDQGVROYHQWVGXHWRLDEVHQFHRIPHPEUDQHOHDNDJHLLORZHUVROYHQW
ORVV LLL RSHUDWLRQ DW KLJKHU WHPSHUDWXUH DQG SUHVVXUH GLIIHUHQFH HJ SUHFRPEXVWLRQ DQG
QDWXUDOJDVVZHHWHQLQJ7KHSULQFLSOHRIKLJKSUHVVXUHPHPEUDQHJDVOLTXLGFRQWDFWRUIRU&2
FDSWXUH IRU SUHFRPEXVWLRQ DQG QDWXUDO JDV VZHHWHQLQJ FDQ EH LOOXVWUDWHG RQ )LJ 7KH
DEVRUEHQWLVUHJHQHUDWHGGXHWRSUHVVXUHDQGWHPSHUDWXUHVZLQJ

)LJ+LJKSUHVVXUHPHPEUDQHFRQWDFWRUV\VWHPIRU&2FDSWXUH
7RPLQLPL]H WKHDGGLWLRQDO UHVLVWDQFHGXH WR WKHPHPEUDQHZHVHOHFWHG WKHPRVW&2
SHUPHDEOHW\SHRIPHPEUDQHPDWHULDOVKLJKSHUPHDELOLW\SRO\DFHW\OHQHVSRO\>WULPHWK\OV\OLO
SURS\QH@ 37063 SRO\>WULPHWK\OJHUPLOSURS\QH@ 370*3 DQG SRO\>PHWK\O
SHQW\QH@303&RQWUROOHGV\QWKHVLVRI37063370*3DQG303ZDVFDUULHGRXWLQGLIIHUHQW
SRO\PHUL]DWLRQFRQGLWLRQVXVLQJFDWDO\WLFV\VWHPVEDVHGRQ1EDQG7DSHQWDFKORULGHV7R WKH
EHVW RI RXU NQRZOHGJH IRU WKH ILUVW WLPH 37063 370*3 DQG 303 KDYH EHHQ H[WHQVLYHO\
WHVWHGDWFRQGLWLRQVW\SLFDOIRUVROYHQWUHJHQHUDWLRQDEVRUEHQWPHGLDXSWRR&DQGEDU
%\ XVLQJ )7,5 VSHFWURVFRS\ LW ZDV FRQILUPHG WKDW ORQJWHUP FRQWDFW XS WR PRQWKV ZLWK
GLIIHUHQWNLQGVRISK\VLFDODQGFKHPLFDODEVRUEHQWVLQFO0($'($0'($DWR&GRHVQRW
OHDGWRFKDQJHVRIWKHFKHPLFDOVWUXFWXUHDQGPDFURVFRSLFSURSHUWLHVRI37063370*3DQG
303)XUWKHUPRUH VKRUW WLPHH[SRVXUH RI WKHPHPEUDQHV WR DLU DW R&GRHV QRW UHVXOW LQ
IRUPDWLRQRI& 2DQG&±2JURXSV6XFKFKHPLFDOUHVLVWDQFHFDQEHH[SODLQHG ILUVWRIDOOE\
HIIHFWLYHLQVXODWLRQRIGRXEOHERQGVLQ37063370*3DQG303E\VLGHJURXSV
6LQFH KLJK WHPSHUDWXUHV FDQ DFFHOHUDWH WKH GHFOLQH RI WUDQVSRUW SURSHUWLHV WKH JDV
WUDQVSRUW SDUDPHWHUV 2 1 DQG &2 ZHUH VWXGLHG DW R& $V H[SHFWHG WKH SRO\PHUV
VKRZHGDJDVSHUPHDELOLW\GHFOLQH IRUH[DPSOH&2SHUPHDELOLW\ IRU37063ZDVGHFUHDVHG
IURP  GRZQ WR  %DUUHU DIWHU  KRXUV RI H[SRVXUH DW R& 6LQFH QR IXUWKHU
GUDPDWLF GURS LQ JDV SHUPHDELOLW\ DIWHU  KRXUV RI WHVWLQJ ZDV REVHUYHG LQFO VHYHUH
HQYLURQPHQW  EDU RI2 DW R& LW FDQ EH FRQFOXGHG WKDW WKLV ³DJHLQJ´ HIIHFW LV FDXVHG
PDLQO\ E\ WKH UHOD[DWLRQ RI QRQHTXLOLEULXP IUHH YROXPH VWUXFWXUH UDWKHU WKDQ FKHPLFDO
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GHJUDGDWLRQ ,W ZDV VKRZQ E\ D IORWDWLRQPHWKRG WKDWPHPEUDQH GHQVLILFDWLRQ WDNHV SODFH DW
KLJK WHPSHUDWXUH IRU H[DPSOH WKH PLFURSRURVLW\ RI 37063 GURSV IURP  WR  DIWHU 
KRXUVDWR&'HVSLWHVXFKDGHFOLQHRIWUDQVSRUWFKDUDFWHULVWLFV37063370*3DQG303
VWLOO VKRZ WKH KLJKHVW &2 WUDQVSRUW ZKLFKPDNHV WKHP DWWUDFWLYH IRU IXUWKHU GHYHORSPHQW RI
PHPEUDQHJDVGHVRUSWLRQSURFHVVHV
6LQFH WKH DEVRUEHQW UHJHQHUDWLRQ LV JRLQJ WR EH UHDOL]HG E\ SUHVVXUH DQG WHPSHUDWXUH
VZLQJ LQ D PHPEUDQH FRQWDFWRU EDUULHU SURSHUWLHV RI VHOHFWHG PHPEUDQH PDWHULDOV WRZDUGV
DEVRUEHQWZHUHWHVWHGDWRSHUDWLQJFRQGLWLRQV,QIDFWQROLTXLGSHQHWUDWLRQIRUGLVWLOODWHGZDWHU
RUFKHPLFDOW\SHRIDEVRUEHQWOLTXLGVZWDTXHRXVVROXWLRQRI'($($030'($0($
'($ RU $($( WKURXJK 37063 370*3 DQG 303 ZDV H[SHULPHQWDOO\ REVHUYHG DW D WUDQV
PHPEUDQHSUHVVXUH RI  EDU DQGR&GXULQJ DW OHDVW  KRXUV ,Q DGGLWLRQ JDV WUDQVSRUW
WKURXJK WKH VWDJQDQW OLTXLG ILOP DQG PHPEUDQH WRRN SODFH LQGLFDWLQJ WKDW WKH PHPEUDQH
PDWHULDOVZHUHVWLOO SHUPHDEOH IRU&20HDQZKLOHRWKHUSK\VLFDOW\SHDEVRUEHQWV *HQRVRUE
*HQRVRUERU3&SHQHWUDWHWKURXJKWKHPHPEUDQHVGXHWRKLJKHUDEVRUEHQWSRO\PHU
LQWHUDFWLRQ ,Q RUGHU WR LGHQWLI\ WKH ERXQGDU\ FRQGLWLRQV RI WUDQVSRUW RI DEVRUEHQW WUDQVSRUW
WKURXJK KLJK SHUPHDELOLW\ JODVV\ SRO\PHUV D WUDQVSRUW PRGHO WKDW WDNHV LQWR DFFRXQW IUHH
YROXPHIUDFWLRQVZHOOLQJPHPEUDQHFRPSDFWLRQDQGPDFURVFRSLFSURSHUWLHVRIDEVRUEHQWZDV
DOVRGHYHORSHG7KHUHVXOWVRIWKLVPRGHODUHLQJRRGDJUHHPHQWZLWKH[SHULPHQWDOGDWD
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FRQWDFWWLPHV
&RPSRVLWHPHPEUDQH PNP
&RPSRVLWHPHPEUDQH PNP
'HQVHPHPEUDQH PNP

)LJ)OX[RI&2WKURXJK37063PHPEUDQHVZW0'($R&ΔS EDU

$IWHU HYDOXDWLRQ RI GHQVH PHPEUDQHV IRU UHJHQHUDWLRQ RI GLIIHUHQW W\SH DONDQRODPLQH
VROYHQWV DW R& DQG  WR  EDU 37063 ZDV VHOHFWHG DV D PHPEUDQH PDWHULDO IRU
IDEULFDWLRQ RI KLJK IOX[ FRPSRVLWHW\SH PHPEUDQHV /RQJWHUP WHVWLQJ RI D ZLGH UDQJH RI
DYDLODEOH FRPPHUFLDO SRO\PHULF PLFURXOWUDILOWUDWLRQ PHPEUDQHV UHYHDOHG WKDW PRVW RI WKH
SRO\PHULFVXSSRUWVKDYHOLPLWHGVWDELOLW\DW0*'FRQGLWLRQV7KLVLVPDLQO\GXHWRWKHSUHVHQFH
RI DONDQRODPLQH ZKLFK HYDSRUDWHG WKURXJK WKH PHPEUDQH LQ WKH FRQGHQVDWH 7KHUHIRUH D
QXPEHU RI KLJK IOX[ IODWVKHHW FRPSRVLWHPHPEUDQHV ZHUH IDEULFDWHG EDVHG RQ DQ LQRUJDQLF
VXSSRUWVWDLQOHVVVWHHOVXSSRUWZLWKFHUDPLFXSSHUOD\HU)LJLOOXVWUDWHVWKDWWKHSURFHVVFDQ
EHLQWHQVLILHGZKHQWKHWKLFNQHVVRIWKH37063OD\HULVGHFUHDVHGIURPGRZQWRPWKXV
ORZHULQJPHPEUDQH UHVLVWDQFH IRU&2 IOX[ )XUWKHUPRUH WKH FRPSRVLWHPHPEUDQHV VKRZHG
JRRGPHFKDQLFDO DQG EDUULHU SURSHUWLHV GXULQJ  ZHHNV RI RSHUDWLRQ ZLWK  ZW0'($ DW
R&DQGWUDQVPHPEUDQHSUHVVXUHGLIIHUHQFHXSWREDU

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5HJHQHUDWHGDEVRUEHQW
/HDQVROXWLRQ
$EVRUEHQW &25HDFKVROXWLRQ
0HPEUDQH
HOHPHQW
&2 &2

)LJ7KHJHQHUDOYLHZDQGWKHVFKHPHRISLORWPRGXOHIRU+370*'SURFHVV

7REHDEOHWRVFDOHXSWKHJRRGUHVXOWVREWDLQHGLQWKLVFRPSUHKHQVLYHVWXG\DODEVFDOH
SLORW PRGXOH ZLWK PHPEUDQH DUHD RI  P ZDV GHYHORSHG VHH )LJ 7KLV PRGXOH ZDV
VXFFHVVIXOO\WHVWHGIRUUHJHQHUDWLRQRI0'($DWWHPSHUDWXUHRIR&DQGSUHVVXUHRIXSWR
EDU

7KH DXWKRUV JUDWHIXOO\ DFNQRZOHGJH 6%D]KHQRY DQG *'LEURY IRU DVVLVWDQFH LQ
H[SHULPHQWDO ZRUN *%RQGDUHQNR DQG 6/HJNRY IRU )7,5 VSHFWURVFRS\ 7KLV UHVHDUFK ZRUN
ZDV SDUWLDOO\ VXSSRUWHG ZLWK WKH IXQGLQJ IURP )3 SURMHFW ³'(&$5%LW´ 7KLV UHVHDUFK
FRRSHUDWLRQLVWKHSDUWRIWKH'XWFK5XVVLDQ&HQWUHRI([FHOOHQFH³*DV6´1:25)%5
.H\ZRUGV&2FDSWXUHVROYHQWUHJHQHUDWLRQ37063PHPEUDQHJDVGHVRUSWLRQ


